The differences in the observed properties of solid H 2 and D 2 are reviewed, and in particular those encountered in NMR experiments. The failure to detect a sharp NMR (I=1) impurity ''isolated pair'' spectrum in p-D2 is discussed in terms of a larger crystalline field than in H 2 , where an intense and sharp pair spectrum has been observed. Furthermore, we discuss the dramatic (I=1) solid echo signal loss with decreasing temperature which is observed in solid D 2 , but not for solid H 2 . A theory of the solid echo damping through orientational fluctuations is developed. This theory accounts for the observed solid echo decay in D 2 as a function of the pulse spacing time τ and leads to an estimation of the order parameter fluctuation amplitude and the correlation time τ c . However, the theory cannot account for the loss of spin (as determined from Curie's law), which must occur for very small values of τ that are not covered by the theory. 
I. INTRODUCTION
Several experiments have shown remarkable differences in the behavior of solid H2 and D2. Some of these differences are fairly well understood, such as (A) the much slower rate of para-ortho conversion in D2 as compared to that of orth-para conversion in H2, and (B) the much slower quantum difFusion in D2 as compared to that in H2. For a review of these properties see Ref. l.
Several other phenomena which show important differences between solid Hq and D2 need a better understanding. For instance, (C) the dynamics of the martensitic hcp~fcc transformation is quite different in D2 as compared to H2. In particular, in solid D2 (but not for solid H2) repeated thermal cycling is found to stabilize the fcc phase at temperatures above that at which this phase is believed to be the thermodynamically stable one. Other puzzling differences between these two similar solids include (D) the fact that the impurity NMR spectrum of sharp lines from (J = 1) pairs has been observed in (J = 0) H2 (Ref.
3) but not in D2. Also (E) at temperatures below 1 K where orientational ordering increases and a glassy state gradually appears, there is an anomalous loss of signal in the solid echo (of NMR) for D2 but not for H2. " A similar loss of echo signal has also been observed from H2 impurities in D2 samples undergoing orientational ordering into a glassy state. In this paper we review briefly some aspects of these phenomena and discuss possible explanations of phenomena (D) and (E).
Of course, as far as most properties are concerned, solid H2 and D2 are quite similar. For the present discussion we review brie8y (F) orientational ordering, which can be explained by the dominance of electrostatic quadrupolar interactions in both solids.
First we briefly recapitulate some of the properties of these two solids that might be relevant in a discussion of the anomalies in the solid echo amplitude.
A. Ortho-para conversion It has long been understood why the rate of species conversion (orthompara in H2, para~ortho in D2) after cooling the solid sample is so much smaller in D2 than in H2. This process requires the spatially inhomogeneous part of the intermolecular dipolar interaction to simultaneously change both the nuclear spin parity and the rotational angular momentum. Detailed calculations show that the conversion rate in D2 is smaller than that in H2 by a ratio r, which is of order (pD/pH), where p~(pH) is the nuclear dipole moment of the deuteron (proton).
B. Quantum diffusion
As shown by van Kranendonk, quantum diffusion results from resonant ortho-para conversion: one molecule changing its angular momentum J &om 1 to 0, while one of its neighbors changes its J &om 0 to 1, and the same dependence as above on r was obtained for this process. Thus r being much smaller than unity implies that quantum diffusion and the resulting clustering of ( J = 1) molecules is much slower in D2 than in H2. Hence For comparison in Fig. 1(a Fig. 4 , the product S(I = 2) x T would then pass over a maximum when S(I = 1) x T passes through a minimum. For X = 0.46 one calculates that S(I = 2) x T should peak at 125 (in the units of Fig. 4) 
, -=((~,(t) -(~)) ) = [(~, ) -(~) .
To calculate the echo amplitude we start from the expression for the NMR signal after the spins are subject to rf pulses at times 0 and~with associated pulse angles Pi --90' and P2, respectively, and are then observed at time t, where we will be interested in the case t = 27. We substitute R = perh into Eq.
(9). In the resulting product, terms with l g j and l g k can be simplified using ri ri = I, the unit operator. So (2S)
In the other limit, i.e. , when~, )) w, then
In the former limit, one just has a small addition onto the intermolecular relaxation rate. We first deal with results for y = 1, the simple exponential decay.
Here we have chosen the range 50 ps &~& 1.2 x 103 ps which corresponds to the experimental conditions for D2. Over this range, as mentioned before, the measured echo amplitude St t decays by a factor of about 40, and we interpret the decay as to be mostly due to intermolecular dipolar interaction, which is temperature independent. The additional (temperature dependent) decay from the orientational fluctuations alone must therefore be comparatively small. The calculated Z+ &om Eq. (27) only re8ects the latter decay and is shown in Fig. 6 as a three-dimensional plot versus w and w, for D2. Here we have chosen a representative range for w"namely, between 10 and 1 s, which for both D2 and H2 at X = 0.55 would apply to temper- 
where now the damping contribution (e2* ' ), has been eliminated. i.e. , when the applied field is perpendicular to the molecular axis. As can be seen, the decay of Z is negligible for v ( 10 s, but increases as~, increases, and this decay is maximized when 7; = v/2, as shown in Fig. 7(a) ' -8-. (Fig. 4) . (27) shows that Z 1 and no fIuctuation effect is expected for the (I = 2) signal, in agreement with experiment.
Returning to the experimental results in Fig. 8(a) are shown in Fig. 12(a) by solid circles, while the present determination smoothly extends the data. In order to achieve agreement with the experimental data for Z at all temperatures, p has to increase with T; otherwise, the calculated Z decreases much faster with increasing T than shown by experiment (solid circles and triangles in Fig. 11 ). Of course, p cannot become larger than pMp. Combining the curves for the best estimate of v, (dotted line) and of p (solid line) in Fig. 12 , we obtain the calculated Z in Fig. 11 in reasonable agreement with the data. Figure 12 indicates Fig. 13 for two values of r, and for the same value of po. Over the experimental temperature range, we expect the exponent y to vary &om 1 to 0.7, judging from the computer simulations of Binder and They include the differences (1) in the rate of the (J = 1) to (J = 0) conversion, based on the magnitude of the respective nuclear dipole moments, (2) in the dynamics of the martensitic transition, and (3) in several NMR observations. This paper has focused on this last category that includes (a) the failure to observe a sharp (I = 1) impurity pair spectrum in D2 while it has been prominently seen and investigated in solid H2 and (b) the strong de- parture from Curie's law of the (I = 1) solid echo amplitude, but not that for the (I = 2) spins. For the (I = 1) system, this corresponds to a signiGcant "spin loss, " a large fraction of spins that are not "seen, " and whose properties therefore cannot be investigated.
We discuss the NMR phenomena as follows.
(a) We suggest that the observation of a structureless 
